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ATTACHMENT 1: SC&A’S INTERIM EVALUATION OF ISSUES
PERTAINING TO HIGH-FIRED PLUTONIUM OXIDES AT THE ROCKY
FLATS PLANT

1.0 INTRODUCTION AND OVERVIEW OF ISSUES

Rocky Flats SEC-00030 Petition (USWA 2005) has raised concerns about worker exposures to a
unique form of plutonium (Pu) referred to as high-fired plutonium oxide (PuO,). Formed at
temperatures of 1,000°C or higher, this plutonium compound has been shown to remain in the
lung for much longer times than predicted by default Type S ICRP lung model.

Important to dose reconstruction is the fact that changes in the proportion of plutonium lung
burden in the respiratory tract relative to that in systemic tissues have a profound effect on the
interpretation of bioassay data that may include chest counting and urinalysis. For example, a
chest count that assumes Type S plutonium would significantly underestimate the duration of
time that plutonium remained in the lung and, therefore, underestimate the lung dose. Even more
troublesome is the reconstruction of lung doses based on urinalysis. This is explained by the fact
that, when urine data is used, the first step in dose reconstruction is to estimate the inhaled
intake, based on a model that mathematically describes the relationship between the observed Pu
content in urine samples and the amount of previously inhaled Pu. For example, the erroneous
assumption of default Type S Pu, for the interpretation of bioassay results from urine samples
that corresponds to a high-fired Pu intake, will significantly underestimate the amount of inhaled
plutonium. In addition to the underestimation of the intake, if default Type S parameters are
used, Pu in lung is further underestimated by the assumption of faster biological removal
processes.

NIOSH has accepted the fact that high-fired plutonium existed at Rocky Flats and that select
workers may have been exposed. Secondly, NIOSH has acknowledged the fact that high-fired
plutonium oxide (Pu-239) may exhibit long- term retention in the lung exceeding that predicted
by the default Type S model. Correspondingly, NIOSH has attempted to address these issues in
ORAUT-OTIB-0049 and other support documents.

As part of SC&A’s review of the Rocky Flats SEC-00030 Petition, we have conducted a
thorough review of the methodology proposed by NIOSH in terms of its scientific merit and the
degree with which outstanding uncertainties are bounded by assumptions that give the benefit of
doubt to the claimant.

20 SC&A REVIEW METHODS

SC&A has reviewed the NIOSH Site Profile for the Rocky Flats Plant (Falk 2004) and submitted
its draft review to the Advisory Board on Radiation and Worker Health on December &, 2005. In
that review, SC&A stated that workers might have been exposed to high-fired plutonium oxides
which is characterized by high plutonium lung burden in relation to the systemic organs burdens,
at long times after exposure. As part of its focused review of NIOSH’s SEC evaluation for RFP,
as requested by the Advisory Board, SC&A has supported the Board’s working group review of

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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the high-fired Pu issue. This review has included an evaluation of draft ORAUT-OTIB-0049
(Estimating Lung Doses for Plutonium Strongly Retained in the Lung)' and its supporting
analyses as well as data related to U.S. Transuranium and Uranium Registry (USTUR) autopsy
cases. Autopsy cases were used by NIOSH to validate the conservatism of ORAUT-OTIB-0049
empirical-based assumptions.

The SC&A staff reviewed the methods used by NIOSH to derive the lung dose adjustment
factors, from in-vivo bioassay results and from urine results, as well the adjustment factors for
systemic organs, Gl tract and the extra-thoracic region. The SC&A staff reviewed the autopsy
results, the lung count data and the urinary excretion data for a representative number of Rocky
Flats cases. Cases included individuals that had known intakes of the high-fired plutonium
oxide, Type SS or super S absorption type, and other types of exposures to plutonium oxides, not
necessarily classified as Type SS at the time of the exposures. Our review compared post-1965
measured lung count data with autopsy data and the predicted values using the NIOSH ORAUT-
OTIB-0049 empirical model. Calculations were performed considering Type S material and
Type SS using the urine excretion data as well as the lung count data. Autopsy data for lung,
liver, and skeletal plutonium content was available in most cases reviewed. For living former
workers, lung count and urine data was modeled for organ deposition estimates.

The SC&A also compared the NIOSH approach with a model recently proposed in the literature
for exposures to high-fired plutonium oxides at Mayak Production Association, a plutonium
production facility in the former Soviet Union.

Results of our reviews are summarized below.

3.0 SALIENT ELEMENTS OF THE SEC PETITION AND NIOSH’S GENERAL
ACKNOWLEDGEMENT OF ISSUES

Petition SEC-00030 asserts that:

Exposure to a unique form of plutonium referred to as high-fired oxides or super
class Y materials that are metabolized differently and have self-shielding
properties which make accurate assessment of dose impossible. In addition, the
uniquely small particle size of high-fired oxides — as small as 0.12 um Activity
Median Aerodynamic Diameter (AMAD) — makes current dose models inaccurate.
Dose models in use at Rocky Flats use a particle size of 1.0 AMAD and
underestimate high-fired oxide doses by a factor of 1-2. Current models in use by
NIOSH — International Commission on Radiological Protection (ICRP) 66 — use
a particle size of 5.0 AMAD and underestimate these doses by as much as a factor
of 10. High-fired oxides were generated from the Building 771 fire in 1957, the
Building 776 fires in 1965 and 1969, numerous other smaller fires, and multiple
high temperature processes in furnaces, incinerators and production process
areas used in our petition. The impossibility of accurate dose assessment for

" The 2006 draft of this document was used for review. It should be noted that ORAUT-OTIB-0049,
Rev. 00, has now been issued (February 2007).
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high-fired oxides exposure is summarized in more detail on the following pages
[of the petition]. [USWA 2005; NIOSH 2006, p. 67]

NIOSH agrees that “there is evidence of high-fired Pu oxides at the Rocky Flats Plant,” but
concludes that “such materials [do] not, however, affect the feasibility of dose reconstructions.”
The basis for NIOSH’s conclusion is two-fold, with a separate methodology applied to non-
respiratory tract (e.g., liver, bone,) and respiratory tract organs, respectively:

Forms of Pu that are more soluble than Type Super S are assumed for maximizing
dose reconstructions for cancers in non-respiratory tract organs. This results in
claimant-favorable dose reconstructions for non-respiratory tract organs. For
respiratory tract claims that have a POC <50% using Type S material, NIOSH
will assume type Super S, and will calculate lung doses using the methodology
outlined in ICRP 66, together with empirically-observed solubility and retention
parameter values as described in ORAUT-OTIB-0049. [NIOSH 2006, p. 67]

Regarding the difference in particle size between high-fired oxides and the assumed value used
in NIOSH dose reconstructions, the NIOSH response is that this is not a dose reconstruction
feasibility issue because intake is based on urine bioassay or lung count measurement, rendering
particle size not relevant except for reconstructing doses to the GI tract. NIOSH’s Evaluation
Report (ER) further observed that the default particle size of 5.0 um in that case is claimant
favorable.

Another issue raised by petitioner concerns involved potential self-shielding of the high-fired
plutonium oxide particles due to their being ceramicized in the heating process. In the petition, it
was contended that an outer ceramic layer surrounding the particle would “challenge the ability
of lung counting to detect Pu inhalation intakes” (NIOSH 2006, p. 68). NIOSH’s response is
that self-shielding of the 60 keV gamma radiation from the Am-241 daughter (upon which Pu
lung counting relies) would not be plausible at any but insignificant levels. Moreover, the
weakness of this claim is evident from the following relationship that involves the relative
penetration of a 60 keV photon to that of an alpha particle: since the penetration of a 60 keV
photon is many orders of magnitude greater than the mean free path of an alpha particle, then
even a small fraction of one percent attenuation of photons by the ceramicized encapsulation
would ensure essentially 100% attenuation of alpha particles and thereby eliminate tissue dose
and health effects associated with plutonium.

4.0 HIGH-FIRED PLUTONIUM - ICRP CHARACTERIZATION

Studies of the behavior of various oxide forms of Pu in the respiratory tract show two distinct
phases of absorption to blood: a small fraction, typically less than 1% of the inhaled amount, is
absorbed within about a day, with the remainder being cleared from the lung with half-times of
the order of years. Both the fraction rapidly absorbed and the long-term retention half-time can
be influenced by the method of formation of the material and its history. Plutonium oxide,
formed by complete oxidation of the metal or salt at about 1,000°C (high—fired) has repeatedly
demonstrated the very low absorption generally associated with Type S (ICRP 1995).

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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In addition, in several cases of inhaled plutonium high-fired oxides, it has been shown that there
is a longer retention in the lung than currently predicted using default Type S parameters.
Plutonium oxide, in many cases, is transferred at an extremely slow rate from the lung into the
systemic circulation. Thus, there is a component of retention in the lung that is not currently
described by the current ICRP 66 Human Respiratory Tract Model (HRTM).

50 SC&A REVIEW OF ORAUT-OTIB-0049

The purpose of ORAUT-OTIB-0049 “is to provide a method for estimating annual lung doses
for intakes of plutonium that is retained in the lung longer than predicted by the normal
absorption Type S model and to describe the conditions for applicability of this method.”
(ORAUT-OTIB-0049)

NIOSH further states:

This TIB does not propose a new class of material for general modeling purposes
or propose a new variation of the lung model. Rather, to account for the
increased lung doses, the TIB analysis developed empirical “dose adjustment
factors” from selected cases from RFP and Hanford that exhibited Type SS
behavior following intakes of >*Pu mixtures. [Emphasis added.]

[The TIB does not] recommend a generic modification to the HRTM suitable for
evaluating cases that exhibit Type SS retention. [The TIB] recommends an
alternate approach to modeling Type SS plutonium cases, referred to as the
“Dose Adjustment Factor.” This approach enables the evaluation of Type SS
plutonium cases without explicitly making generic changes to the HRTM.

The Human Respiratory Tract Model (HRTM) is a physiological-based model that describes the
major processes governing the fate of an inhaled aerosol (This Model is discussed for
background purposes in Appendix A). The ICRP clearly states that there can be circumstances
in which it is feasible, and desirable, to obtain a more accurate or more reliable assessment of
intake or dose, by using information specific to the situation. Typically, this is likely to be the
case when assessing doses retrospectively. The ICRP at present does not address the specific
case of inhalation exposures to high-fired plutonium oxides. Although the long-term retention of
high-fired oxides has been reviewed in the scientific literature, there is no consensus among
authors on how to address how particles are handled within the lungs and on how to address the
dose to the cells at risk.

Given these circumstances, NIOSH’s use of empirical data to derive adjustment factors to
existing ICRP biokinetic models for Pu is considered by SC&A as a reasonable alternate
approach for estimating doses for high-fired plutonium oxides.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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5.1  The Design Cases

NIOSH’s use of empirical data is outlined in ORAUT-OTIB-0049:

Individual-specific HRTM parameters were derived for all design cases. The data
for the design cases were custom modeled in the IMBA computer code to get a
curve fit to plutonium lung data that could be used to generate, analytically, the
plutonium retention in the lungs at any time and for any intake scenario, using the
IMBA Intake-to-Bioassay feature. (ORAUT-OTIB-0049)

In addition to customization of absorption parameters, particle transport rates and deposition
fractions in the alveolar-interstitial (Al) regions were modified to fit lung contents and urinary
excretion. As stated above, these modifications of the HRTM are not intended to generate a
biologically plausible biokinetic model. The transport rates and the deposition fractions do not
depend on the chemical form of the material. The derived models empirically reproduce lung
contents and urinary excretion.

The complete case-by-case evaluation of the design cases is provided in Appendix B.
SC&A evaluation:

SC&A has reviewed the available design case data and concludes that the empirically
derived parameters for each design case fit the bioassay data for those cases. In three of the
design cases, not all bioassay urine data were used. The data that are used are bioassays
representing later excretions, which NIOSH has determined more accurately characterize the
long-term retention in the lung. The early time urine excretions were not included in these cases.
Case RFP 872, which was used as a design case, is one of the cases for which not all urine data
was used, as can be seen in Appendix B, Case 872.

In the lung, clearance results from a combination of movement of particles towards the GI tract
and lymph nodes (particle transport), and movement of radionuclides from the respiratory tract
into the blood and hence body fluids (absorption). NIOSH empirical models, for all cases that
were included in the study, introduce modifications in both clearance rates for particle transport
and absorption to body fluids (blood).

The longer retention time in blood is achieved by:
e Decreasing the slow absorption rate from the lung (st is decreased from 1E-4) to values
between 2.5E-5 and 4E-6 (the fraction which is decreased with slower absorption rate

will vary between cases, sometimes being smaller than Type S)

e Decreasing the slower transport rate from Al from 1E-4 to 1E-6, and the rate to lymph
nodes from 2E-5 to 1E-6

The empirical model was derived to fit the bioassay results. Other transport rates were modified.
For most of the cases the faster transport rate does not exist. The fraction of activity deposited in

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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the lung that will clear with the slower transport rate was different from case to case. The higher
this fraction, the more activity will stay in the lung for a longer time.

The two cases that were used to derive the adjustment factors are HAN-1% and RFP 872.° From
all empirically derived parameters, those two cases present the highest fractions that are cleared
with this very slow transport rate. The adjustment factors for the lung were derived using these
two cases. The ratios between the retention in the lung for those two cases and Type S were
calculated. The highest ratio was used. Case RFP 872 presents the highest retention, at times
higher than 15 years (see appendix B).

Given the preceding, SC&A has requested that NIOSH clarify more definitively why only
the late excretion data was considered in deriving these factors. SC&A did not have the
opportunity to review the actual bioassay data upon which HAN-1 was derived; such a
review would be important to validate the selection and use of the bounding cases.

Likewise, NIOSH did not explain fully how these particular cases were selected to derive
the adjustment factors. SC&A has requested access to RFP, and as necessary, other site
worker dose files (with identifiers) where exposure to high-fired plutonium took place. A
comparison of the long-term retention in lung for these workers and the ones selected as
design cases is needed, before HAN-1 and RFP 872 can be accepted as the most
conservative ones available for the derivation of these adjustment factors.

5.2  Derivation of Lung Dose Adjustment Factors
ORAUT-0TIB-0049 states:

The derivation of lung dose adjustment factors is based on an empirical
comparison of the plutonium retained in the lungs for 10 well-documented cases
involving acute intakes of plutonium (nine from RFP and one from Hanford) in
relation to the amount projected for each case using the default Type S model for
the same intake.

In relation to Type S, the design cases tend to exhibit a higher retention of
plutonium in the lungs, especially after the first several years, with a similar
flatness of the retention curves after 10 yr. Two cases represent a similar upper
bound, one from RFP (RFP 872) and one from Hanford (HAN-1). The dose
adjustment factor is the ratio of the plutonium retention for the highest of the
design cases (RFP 872 or HAN-1) and the plutonium retention predicted by the
default Type S model, any year after an acute intake or start of a chronic intake.
Cases RFP 872 and HAN-1 consistently represented the upper bound for the
design cases, for an acute intake and for a simulated 30-yr chronic intake.

2 HAN-1: empirical model, parameters described in ORAUT-OTIB-0049, page 33.
3 RFP 872: empirical model, parameters described in ORAUT—OTIB-0049, page 33.
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SC&A has reviewed and reproduced the lung adjustment factors as provided. The revision of
data is presented in Appendix B.

The parameters used to derive empirical lung contents and urinary excretions were not used by
NIOSH to calculate equivalent doses to the lung, as noted in ORAUT-OTIB-0049 [emphasis
added]:

It must be emphasized that these biokinetic models were selected simply to match empirical lung

contents and urinary excretion and were not used to calculate equivalent doses to the lung.
[ORAUT-OTIB-0049]

Since the current ICRP dose model is used to calculate doses for Type S compounds, resultant
doses must be multiplied by adjustment factors, which are discussed and evaluated later in this
section of the report.

SC&A evaluation: SC&A considers this approach as appropriate because the parameters used
to empirically match lung and urinary excretion from exposed workers do not correctly describe
the partition of activity in the HRTM regions and tissues containing target cells for dose
calculations.

5.3  Effect of Smoking

The ICRP Human Respiratory Tract Model suggests that smoking modifies the mechanical
transfer rates of deposited particles, decreasing the mechanical transfer rates of deposited
particles from the Al compartments (ICRP Supporting Guidance 3, 2003). For nonsmokers, 30%
of the activity in the Al compartment is assumed to be removed with a mechanical transfer rate
0f0.02 d"', 60% with 0.001 d"' and 10% with 0.0001 d"'. For smokers, 9% is removed at a rate
0f 0.03, 81% at a rate of 0.0007, and 10% at a rate of 0.00007 (ICRP Supporting Guidance 3,
2003). According to Robert Bistline, an RFP site expert, many of the workers at RFP during this
time period were smokers, some of them heavy smokers, smoking as many as two to three packs
of cigarettes a day. Although there is no mention of the effect of smoking in ORAUT-OTIB-
0049, the NIOSH approach is sufficiently conservative to accommodate this issue, since the
transport rates used in the empirical model are much smaller than the ones suggested by the
ICRP for smokers (in the two cases used to derive the empirical parameters, 60% and 70% of the
Al activity is removed with a transfer rate of 1E-6). SC&A, therefore, concludes that any
effect from smoking is covered by the NIOSH approach.

5.4  Intake Adjustment from Urinalysis Data

SC&A has reviewed the adjustment factors provided in the draft “Approach to Dose
Reconstruction for Super Type S Material,” March 2006, now an integral part of ORAUT-OTIB-
0049 (ORAUT 2007). This document gives instructions on how to further adjust the doses when
the bioassay urine results are used. It provides a summary of all methods and a comparison with
autopsy cases.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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5.5  Doses to the Extra-Thoracic Region

SC&A reviewed the procedure for calculating doses to extra-thoracic tissues, for high-fired
plutonium. SC&A agrees with the assumptions made by NIOSH, and considers the adjustment
factors suggested for the extra-thoracic region appropriate, given the approach suggested by
NIOSH.

5.6 Doses to the Gastrointestinal Tract

SC&A reviewed the procedure for calculating doses to GI tissues for high-fired plutonium. In
order to empirically fit the data to lung measurements, NIOSH has decreased the particle
transport rates from the AI compartments to the upper airways and subsequently, has decreased
the transfer rate to the GI tract. According to the document, Approach to Dose Reconstruction
for Super Type S Material, March 2006: “...to estimate GI tract doses from urinalysis, the
intakes using Type S assumptions should be multiplied by 4.0.” No corrections are needed when
calculating doses to the GI tract from Lung Counts.

SC&A has analyzed the effect of this adjustment. For doses calculated from in-vivo lung
counting results, the use of Type S is claimant favorable. When aerosols are inhaled,
radionuclides are cleared to the GI tract from the respiratory tract and from the systemic
circulation. For doses calculated from urine bioassay results, it is necessary to take into
consideration the larger potential initial intake because of the slower removal rate from the
lung to systemic circulation. The NIOSH adjustment factor (multiplication by 4) is
claimant favorable in this case.

SC&A has concluded that the approach proposed by NIOSH is reasonable and technically
valid.

5.7 Doses to Systemic Organs

The application of the correction factor to be used to calculate doses to the systemic organs is
explained in the draft “Approach to Dose Reconstruction for Super Type S Material,” March
2006, as follows:

As noted earlier, according to ICRP models, integrated urine concentrations are
proportional to systemic organ dose. Therefore, for the period of time that
urinalysis data exists, no intake correction is necessary of systemic organs.
Following the time of the last sample, intakes should be corrected by a factor of
4.0 or 4.7, depending on the exposure scenario. To summarize, systemic organ
doses determined from urinalysis should be estimated by first using a type S
assumption to determine intake and annual doses. Next, the annual doses that

follow the year of the last urine sample used in the determination should be
multiplied by a factor of 4.0 or 4.7. (ORAUT-OTIB-0049)
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On the other hand, when calculating systemic organ derived from lung counts, NIOSH states that
no correction is necessary (doses should be calculated using Type S), without providing a clear
basis for this approach.

SC&A has compared intakes derived from HAN-1 and RFP 872 per unit lung counts with

Type S derived intakes. It is true that, depending on the time elapsed between measurements and
exposure, Type S intakes are higher or equal to the ones derived using the empirical model.
Theoretically, no intake corrections are needed.

As there are no adjustment factor corrections to envelope the conclusions taken from the
empirical model, the relationship between systemic organs content and lung content must be
reliable. ORAUT-OTIB-0049 is an empirical model, and the true transport and absorption rates
from lung are probably different from the empirical model. Some models presented in the
literature to explain the high-fired biokinetics use absorption parameters that are higher than the
ones used in the Type S model, compensating for this effect by introducing a lung compartment
with infinite half time (Khokhryakov, V.F., 2005). Depending on the time after intake, the
activities in systemic organs may be higher than expected using default Type S. This is
discussed in the following comparative analysis using such a model.

6.0 EVALUATION AND VALIDATION OF THE NIOSH APPROACH

6.1  Comparison of the Approach used by NIOSH to a Recent Model (ICRP66-A) used to
Describe the Retention of PuO, in the Lungs of Mayak Workers (Khokhryakov 2005)

The Mayak Production Association (MPA) was the first plutonium production facility in the
former Soviet Union. The plant first produced plutonium in 1948. Exposure to **’Pu and other
Pu isotopes was substantial, with post mortem measurements indicating body burdens greater
than 3 kBq in many cases.

V.F. Khokhryakov, K.G. Suslova, V.V. Vostrotin, S.A. Romanov, K.F. Eckerman, M.P.
Krahenbuhl, and S.C. Miller have recently (2005) published a paper in the Health Physics
Journal, Adaptation of the ICRP Publication 66 Respiratory Tract Model to Data on Plutonium
Biokinetics for Mayak Workers, in which the ICRP’s Human Respiratory Tract Model (HRTM)
was adapted to the kinetics of industrial plutonium compounds inhaled by MPA workers by
using information on the distribution of plutonium in the body observed at autopsy. Five
hundred and thirty autopsy cases were considered in this paper, but only 58 cases (50 smokers
and 8 non smokers) were associated with exposures to Pu aerosols (metal and oxide) with low
clearance from the lungs.

The main task of this study was to fit a model to the autopsy data by adjusting selected
parameters of the respiratory tract model for each autopsy case. The resultant model was called
ICRP66-A. The quantity that was optimized was the fraction of the worker’s plutonium burden
at autopsy within the respiratory tract, excluding the lymph nodes. The authors have assigned
the value of 0.003 to the rapidly absorbed fraction fr. As in the HRTM, an absorption rate, sr, of
100 d' was applied to the rapid fraction. The “bound” compartment of HRTM was taken to
represent a fixed Pu deposit. Activity in this compartment was not subject to absorptive,
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mechanical, or biological removal processes (s, =0). While this modeling approach simulates
the relative burdens from each of these sources, it was noted that the anatomical identity of the
bound compartment is unknown and thus, also is its contribution to dose to the cells considered
at risk in the lung; e.g., the basal and secretory cells. For insoluble plutonium, no real difference
in the optimum values of /b and s between smokers (f,=0.193, s;= 3.22E-4 d'l) and non-smokers
(f,=0.147, s&=3.61E-4 d'l) was evident, although the number of non-smokers was too small for a
statistically strong conclusion.

The HRTM suggests that smoking modifies the mechanical transfer rates of deposited particles
from the alveolar-interstitial (AI) compartments. For nonsmokers, 10% of the Al activity is
assumed to be mechanically removed at a fractional rate of 0.0001 d'l, while for smokers, this
rate is 0.00007 d'. For non-smokers, 60% of the Al activity is removed at a rate equal to
0.001 d' and 30% at 0.02 d”' rate. For smokers, 81% is removed with a rate of 0.0007 d' and
9% with a rate of 0.03 d”'. The mechanical transport rate from BB1 is 5 d”' for smokers and
10d™! for non-smokers.

Validation of the model was obtained by comparing the observed lung and body burdens at death
with values calculated based on the urinary excretion of plutonium in these cases. For the
insoluble Pu aerosols, the geometric mean of the predicted-to-observed lung burden ratio was
88%, with a GSD of 2.19.

6.1.1 Comparison of the NIOSH Approach to the ICRP66-A Model

For purposes of testing the technical plausibility of the NIOSH approach provided in ORAUT-
OTIB-0049, SC&A compared it with the ICRP66-A model. To that end, SC&A derived
exposures and monitoring scenarios for comparison sake, as follows.

Scenario A:

- Acute intake
- Monitoring method: urine sample (samples taken 1d, 30d and 150d after exposure)

SC&A evaluation: The NIOSH approach gives much higher 50y committed equivalent
doses to bone surfaces, liver and kidneys (i.e., when the doses derived using Type S are

multiplied by the adjustment factors, it produces equivalent doses much higher than when
ICRP66-A model is used).

Scenario B:

- Acute intake
- Monitoring Method: Lung Counting (counting at 1d, 30d and 150 days after
exposure)

SC&A evaluation: NIOSH approach gives a much higher 50y committed dose to the
lung (i.e., when the lung doses derived using Type S are multiplied by the adjustment
factors, it produces doses much higher than of the ICRP66-A model).
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Committed doses to systemic organs, however, like bone and liver are about one-half of
the doses produced using ICRP66-A. This may be explained by the fact that the NIOSH
approach to calculate systemic doses from lung measurement results does not use a
correction factor. Systemic doses should be calculated as if they were Type S. The
ICRP66-A model has an increased rapid absorption fraction (f;) and a faster removal rate,
Ss, 1n relation to the ICRP 66 model. Those two modifications increase the activities
accumulated in organs at 50 years after exposure, and are not offset by the fraction that
remains permanently in the bound compartment.

Scenario C:

- 7 years continuous intake
- Monitoring method: urine bioassay (samples taken at 30 days, 90 days, 150 days and
1 year after first day of exposure)

SC&A evaluation: NIOSH approach gives a much higher 50y committed equivalent
dose to bone surfaces, liver and lung (i.e., when the doses derived using Type S are

multiplied by the given adjustment factors, it produces equivalent doses much higher than
those afforded by the ICRP66-A model).

Scenario D:

- Continuous intake for 7 years
- Monitoring Method: Lung Counting (in-vivo counting at 30d, 90d and 150 days, 1
year and 2 years after first day of exposure)

SC&A evaluation: NIOSH approach gives a much higher 50y committed dose to the
lung (i.e., when the lung doses derived using Type S are multiplied by the given
adjustment factors, the resultant doses are much higher than those derived using the
ICRP66-A model).

As noted earlier, however, the 50y committed doses to systemic organs, like bone and
liver are about one-half of the doses produced using ICRP66-A for the reasons cited in
the preceding scenario B.

6.2  Comparison of Predicted Activities in Lung, Liver, and Skeleton, Applying the NIOSH
Approach, with Autopsy Data from USTUR

NIOSH states the following:

In order to evaluate if the adjustment factors proposed by NIOSH in ORAUT-
OTIB-0049 and its complementing working document (“Draft Approach To Dose
Reconstruction For Super Type S Material”) provided plausible bounding results,
autopsy and bioassay data from the United States Transuranium and Uranium
Registry (USTUR) were obtained for a number of Rocky Flats workers with
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confirmed plutonium intakes (Table 2). Seven cases were selected that had
detectable values for both lung and urine bioassay measurements:

Once the intakes were estimated, the expected lung content and liver content at
autopsy was estimated using the adjustments discussed above. These estimated
contents were compared to autopsy data to verify that the corrections are
bounding. The results of this evaluation are provided in table 1 below.

Table 1 — Comparison of Lung and Liver estimates to Autopsy Data

Ratio of lung estimate to | Ratio of liver estimate to Type of Intakes DTPA
autopsy measurement autopsy measurement
4.2 9.2 Fire No
33.8 3.3 Wound No
8.4 3.6 Other air No
53.4 1.0 Fire/wound Yes
8.6 2.9 Fire Yes
30.2 1.1 Various air No
123.5 3.7 Wound Yes

The first column of Table 1 shows that the lung content is overestimated in every
case.

The liver content was overestimated in all but one case. It is important to realize
however, that this is based on an uncorrected estimate of liver content.
Therefore, for these cases, the type S assumption alone is sufficient to
overestimate the liver dose. (Draft “Approach to Dose Reconstruction for Super
Type S Material”)

6.2.1 SC&A Independent Comparison and Evaluation of the NIOSH Approach using RFP
Case-Specific Data

SC&A has independently reviewed autopsy and bioassay data from the USTUR for eight Rocky
Flats workers with confirmed plutonium intakes. The observed lung, liver and skeleton burdens
at death were compared with values calculated based on the lung measurements and on the
urinary excretion of plutonium in these cases. SC&A relied on the USTUR results for bioassay
and for autopsy, including the calculation done by the USTUR to extrapolate the skeleton
content. SC&A has followed the procedures presented in ORAUT-OTIB-0049 and its
complement (draft “Approach to Dose Reconstruction for Super Type S Material”) to predict the
activities in systemic organs and in the lung from individual bioassay measurement results.
SC&A used the lung measurement results and the urine bioassay results, independently, to test
each individual approach.

A summary discussion of these case reviews is presented below. Appendix C provides a more
detailed review of each case.
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There were 3 cases from the 1965 fire: Cases A, B, and C:
Case A:

The worker was exposed to high-fired plutonium in the fire of October 1965. He was in the
vicinity of presumed oxidized plutonium without a respirator. He died in 1971 (emphysema).
From autopsy results, the activities in the lung, liver and skeleton, at the time of death, were
720 Bq, 9 Bq and 4 Bq, respectively.

Organ Activities Predicted Using Lung Measurements

His last lung measurement was reported in December 1966, just before leaving employment.
The result was estimated at 1.1 maximum permissible lung burden (MPLB) (18 nCi or 666 Bq),
the measureability of which was confirmed by Dr Robert Bistline, an RFP site expert familiar
with the site’s dosimetric technology at the time. The measured lung burden and the autopsy
result have a 10% difference. When the ORAUT-OTIB-0049 lung dose adjustment factors
(attachment B) are applied, the predicted concentration in lung at the time of death is 15 nCi
(550 Bq), a value compatible with the starting lung burden result from his last measurement,
666 Bq, but smaller than the autopsy result.

However, ORAUT-OTIB-0049 instructs the dose reconstructor to further multiply the predicted
dose in the lung by 2.6, when the energy employee is involved in a plutonium fire, to correct for
particles with AMAD smaller than S5pum that were experienced in these fires. This is equivalent
to predicting an activity in lung of 39 nCi (1440 Bq), at the time of death (as noted in ORAUT-

OTIB-0049):

Assume that the annual equivalent dose H(t) to the lung from an inhalation
intake of Type S **’Pu from t-1 yr to t yr is proportional to the lung content gy(t) at
t yr,” with the footnote: “ This is a good assumption if the retention curve for the
lung is fairly flat over the period in question (1 yr), which it is for Types S and SS
plutonium.)

SC&A Evaluation: While the predicted activity in lung is higher than the autopsy result, it is
also higher than the last measurement result. From the 18 nCi (666 Bq) lung measurement
result, the predicted activities in bone and liver are 47.5 Bq and 32 Bq, respectively; higher than
the autopsy values. As the NIOSH approach is not really a model, but an overestimate based on
worst-case assumptions (HAN-1 and RFP-872), SC&A accepts the overestimate as claimant
favorable.

Organ Activities Predicted Using Urine Bioassay Results

On October 26th, 1965, the first Pu non-zero result is presented: 0.26 dpm/24h of Pu. Before this
date, there were four bioassay results, one in 1963, 2 in 1964 and one in February 1965. After
October 26, until January 1966, all Pu urine bioassay results are positive and similar to each
other (range of variation from 0.26 dpm/24h to 0.55 dpm/24h.).
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SC&A Evaluation: Using all the 1965 urine bioassay results and considering that an acute
intake occurred in October 15, 1965, the predicted amount in lung at the time of death is 6145
Bq, which is much higher than the 720 Bq from autopsy data. The predicted activities in
skeleton and liver, at the time of death are 113 Bq and 182 Bq, respectively; values that
overestimate the autopsy activities.

Case B:

The worker was exposed to high-fired Pu in the accidental fire of October 1965. He was in the
vicinity of the presumed oxidized plutonium without a respirator. He died in 1983 (pneumonia,
myocardial infarct). From autopsy results, the activities in the lung, liver and skeleton, at the
time of death, were 1.39E4 Bq, 173 Bq and 226 Bq, respectively.

Organ Activities Predicted Using Lung Measurements

The lung burden in this case was estimated to be 8 times the maximum permissible lung burden
on the day of the fire. There are several recorded results for Pu and Am from chest counts.
There are also several results given for Pu lung counts reported in nCi from 1/12/66 until
8/22/73. All lung measurement results are less than the activities measured at autopsy. The
highest measured activity was 8.8E3 Bq. The last result in the worker’s record (from 8/22/73) is
107 nCi or 3,959 Bq, which is not consistent with the 13,900 Bq measured ten years later.
According to Dr Bistline, this low measurement result may be due to interferences from black
lung disease that the individual experienced from a previous job as a coal miner.

SC&A Evaluation: The predicted activity of Pu-239 in lung at the time of death, calculated

using the first 200 days of results, together with the adjustment factors from ORAUT-OTIB-

0049, is 25,400 Bq; higher than the autopsy value. The predicted activity of Pu in skeleton is
615 Bq and the predicted activity in liver is 411 Bq, both higher than the autopsy data.

The predicted activity in lung is higher than the autopsy result, but on the other hand, it is also
higher than the last measurement result. As the NIOSH approach is not really a model but an
overestimate, based on worst-case assumptions (HAN-1 and RFP-872), SC&A accepts the
overestimate as claimant favorable.

Organ Activities Predicted Using Urine Bioassay Results

The bioassay records of the worker show urine results for Pu from 10/17/65 until 6/12/73.
SC&A Evaluation: Using the first 48 results and applying the adjustment factors, the predicted
activity in lung at the time of death is 2.88E5 Bq which is 20 times the 1.39E4 Bq activity from

autopsy. The predicted activities in skeleton and liver, at the time of death, are 7,050 Bq and
4,700 Bq, respectively, values that overestimate the autopsy activities.
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Case C:

The worker was exposed to high-fired plutonium in the accidental fire of October 1965. He was
in the vicinity of the presumed oxidized plutonium without a respirator. He died in 1970 (cancer
of the urinary bladder). From autopsy results, the activities in the lung, liver and skeleton, at the
time of death, were 1,627 Bq, 4.8 Bq and 21 Bq, respectively.

Organ Activities Predicted Using Lung Measurements

There are several results for Pu lung counts reported in nCi from 10/21/65 until 7/23/69. All
lung measurements results from 1968 and 1967, with the exception of the last one, are smaller
than the activity from autopsy. The last result in the worker’s record (from 7/23/69) is 1,421 Bq,
compared with 1,627 Bq from autopsy, and much higher than the results from 1968-1969. There
is no history cited for this individual of another Pu exposure accident. According to Dr Robert
Bistline, an RFP site expert, this last measurement result is more reliable than the previous ones,
given the improved measurement technology.

SC&A Evaluation: Using the lung burden result from 7/23/69 (1,412 Bq), and the adjustment
factors from ORAUT-OTIB-0049, the predicted activity of Pu-239 in lung at the time of death is
3,990 Bq, higher than the measured autopsy activity in the lungs, 1,627 Bq. The predicted
activities at the time of death are 191 Bq for the skeleton and 123 Bq for the liver, both results
higher than the corresponding autopsy data (21 Bq for skeleton and 4.8 Bq for liver).

While the predicted activity in lung is higher than the autopsy result, it is also higher than the last
measurement result. As the NIOSH approach is not actually a model but an overestimate, based
on worst-case assumptions (HAN-1 and RFP-872), SC&A accepts the overestimate as claimant
favorable.

If all the in-vivo results are used to derive the intake (least square method), the predicted activity
of Pu-239 in lung at the time of death is 1,240 Bq, close to, but less than the autopsy value of
1,627 Bq. The predicted activity of Pu in skeleton is 59 Bq and the predicted activity in liver is
38 Bq, both higher than the autopsy data.

Organ Activities Predicted Using Urine Bioassay Results

The bioassay records of the worker show urine results for Pu from 09/20/62 until 9/12/69. The
first positive measurement is dated 10/27/65, the first measurement after the fire. There are two
very high measurement results:

e 4.25 dpm on 03/06/67 (only on the Excel records, not confirmed using the other bioassay
records of the worker). There are no follow up measurements. The next monitoring
result is 4.23 dpm, almost one year after this sample was taken.

e 4.23 dpm on 03/05/68, followed by measurements at background in 04/22/68. There is
no mention of accidents involving the worker in 1968, prior to the 03/05/68 sample.
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Using all urine results, except the one on 03/06/67, as if they were related to the intake from the
fire, and Type S excretion rates, the calculated intake from the fire is 2E6 Bq (unweighted least
square). The intake related to the October fire, calculated using only the urine data set before
03/06/67 (from 10/27/65 until 01/03/67) and Type S excretion rates is 1.2 E6 (unweighted least
square).

SC&A Evaluation: Considering that an acute intake of 1.2E6 Bq occurred in October 15, 1965,
and applying the adjustment factors from ORAUT-OTIB-0049 and its complement (draft
“Approach to Dose Reconstruction for Super Type S Material,” March 2006) for Super Type S
Material, the predicted activity of Pu-239 in lung at the time of death (1970) is 2.9E5 Bq, which
is much higher than the 1.627E3 Bq activity from autopsy. The predicted activities in skeleton
and liver, at the time of death, just using Type S, are 1,970 Bq and 1,270 Bq, respectively, values
that overestimate the autopsy activities.

Case D:

The worker died in 1971. The autopsy values for Pu-239 are 309 Bq for the lungs, 0.4 Bq for the
liver and 0.6 Bq for the skeleton. The worker has a single chest count result, in 7/1/68, with a
recorded value of zero for Am.

The worker’s Excel bioassay records provide urine results for Pu from 1958 until March 1972,
which can be considered unusual since the worker died in 1971. The last bioassay data on the
Health Physics Information Excreta Data is 6-20-68. He left work on 6-21-68. All the excreta
data on the Excel table until 6-20-68 are the same as recorded in the Health Physics Information
Excreta Data, except for August 14™ 1958 (which included a remark that this apparent
discrepancy may be due to a typo error).

Most positive urine excretion values are below the mean detection limit listed in the TBD for the
period from 1958 to 1971, except for August 10, 1962; May 6, 1963; and
October 15, 1965. The only accident recorded in his files associated with the urine results above
the detection limits is an 8/8/62 accident, which was described as follows:

Contamination on back of neck, forehead, left forearm, left wrist, 4th right finger. After
decontamination with sodium hypochloride, shaved areas, showered, and changed clothes.
Initial counts infinitive. Final alpha counts -- Back of neck 4000 ¢/m... [Case D individual
record]

In August 10, 1962, the value of Pu in the urinary excretion data increased one order of the

magnitude, indicating that the worker had internal contamination, possibly from inhalation and
from a wound (finger), in 08/08/1962.

SC&A Evaluation: Assuming a single inhalation intake of Pu Type S occurred on that date, the
predicted quantities in lung, liver and bone at the time of death are 150 Bq,

57 Bq, and 83 Bq,, respectively. Thus, for liver and skeleton, the use of Type S alone is
sufficient to overestimate the amount found at autopsy. If the Pu intake is treated as high-fired
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(even though there is no mention of a high temperature in this case), the predicted amount in the
lung would have been 7,760 Bq, which also overestimates the concentration at autopsy.

Case E:

The worker died in 1979, and the autopsy values for plutonium are 1,920 Bq for the lung, 38.4
Bq for the liver and 57 Bq for the skeleton.

In this case, the worker has in his bioassay records, urine results from Pu from 1955 until 1965.
All results are listed as zero (SMDA) with the exception of the last one, in 1965, after the fire.
Using the urine bioassay results and considering chronic inhalation intakes from 1955 until 1965,
and a urinary result equal to the MDA, the daily intake is equal to 17.5 Bq. If the MDA/2 would
have been considered, the daily intake is equal to 8.8 Bq. At 24 years after exposure, the
predicted amount in lung is 9,177 Bq. If the MDA/2 was used, the predicted activity in lungs
would have been 4,589 Bq.

The ORAUT-OTIB-0049 method overestimates the 1,920 Bq from autopsy. The predicted
activity in skeleton is 277 Bq. If the MDA/2 is used, the predicted activity in bone would have
been 138 Bq. Thus, the NIOSH method overestimates the 57 Bq from autopsy. The predicted
amount in liver is 184.8 Bq. If the MDA/2 is used, the predicted activity in liver would have
been 92 Bq. Thus, the method overestimates the 38 Bq from autopsy.

If an acute intake by inhalation is assumed in the day of the fire, with resulting 0.45 dpm activity
in the urine sample taken on October 17, 1965, the predicted Pu-239 in lung at the time of death
is 8.21E3 Bq, an overestimate of the autopsy data. The predicted activities in the skeleton and
liver are 233 Bq and 281 Bq, respectively. Both results overestimate the autopsy data.

SC&A Evaluation: NIOSH adjustment factors applied to urine bioassay data considered equal
to the MDA and to MDA/2 produced predicted activities in the lungs, liver and skeleton, at the
time of death, that overestimated the activities in those tissues as compared with measurements
from autopsy.

Case F:

The worker died in March 1973. The autopsy activities for >*’Pu are 130 Bq for the lung, 75 Bq
for the liver and 24 Bq for the skeleton.

The worker’s bioassay records show urine results for Pu from 1957 until 1973. Most of these
results have positive values. The worker was exposed to an acute inhalation intake on 8/15/58
when the G-5 Furnace caught fire or pressurized allowing contamination to billow out into the
room. On October 21, 1958, the worker had a hand wound contamination. From the record, it
appears that several other accidents followed.

SC&A Evaluation: An acute inhalation intake in 8/15/1958 was assumed, with exposure to
high-fired plutonium given the recorded fire. Urine results from August 15™ until October 20",
1958, were assumed to be all related to the 8/15/1958 intake. The intake, calculated using Type
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S, AMAD 5um, and unweighted least square on the urine results from 8/15/58 to 10/20/58, is

calculated as 8.35E5 dpm or 1.4E4 Bq. Using only this set of results, the amount predicted in
lung, liver and bone are 5,500 Bq, 85 Bq and 125 Bq, respectively. These values overestimate
the autopsy results.

Case G:

The worker died in 1979 (cardiac arrest). The autopsy activities are 194 Bq for the lung, 20.6 Bq
for the liver and 36.4 Bq for the skeleton. The worker’s file contains a list of several
contamination incidents to which the worker may have been exposed through inhalation and
wounds.

Organ Activities Predicted Using Lung Measurements

There are four Pu lung-counting results from 07/19/71 until 02/01/73, all of which were zeros.
An MDA of 27 nCi (1,000 Bq) was used to derive the lung, liver and skeleton burden at the time
of death.

Three scenarios were studied: continuous exposure from 1971 to 1973, continuous exposure
between the two last measurements in 1973, and a single exposure in the middle of the last
monitoring interval (1973). Using the first scenario and ORAUT-OTIB-0049 adjustment factors,
the predicted lung burden at the time of death is 646 Bq, much higher than the autopsy activity
(194 Bq). The predicted Pu organ activities at the time of death are 63 Bq for the skeleton and
42 Bq for the liver, both results being higher than the autopsy data (36.4 Bq for skeleton and
20.6 Bq for liver).

The second scenario leads to predictions in the lungs (1,070 Bq), liver (27 Bq) and skeleton

(40 Bq), which are higher than the autopsy results. The first scenario leads to a predicted 780 Bq
in the lungs, 22 Bq in the liver and 33 Bq in the skeleton, at the time of death. Those predictions
are similar to the measure activities at autopsy. It is noted that there are several wound reports
which could have increased the liver and skeleton concentrations.

SC&A Evaluation: NIOSH adjustment factors, applied to lung bioassay data considered equal
to the MDA, produced predicted activities in the lungs that, at the time of death, overestimated
the activities in those tissues, as compared with measurements from autopsy. For systemic
organs, it is necessary to analyze the urine data to account for any intakes via wounds, whic